This Page Is Inserted by IFW Operations 
and is not a part of the Official Record 



BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of 
the original documents submitted by the applicant. 

Defects in the images may include (but are not limited to): 

• BLACK BORDERS 

• TEXT CUT OFF AT TOP, BOTTOM OR SIDES 

• FADED TEXT 

• ILLEGIBLE TEXT 

• SKEWED/SLANTED IMAGES 

• COLORED PHOTOS 

• BLACK OR VERY BLACK AND WHITE DARK PHOTOS 

• GRAY SCALE DOCUMENTS 



IMAGES ARE BEST AVAILABLE COPY. 



As rescanning documents will not correct images, 
please do not report the images to the 
Image Problem Mailbox. 



Searching,PAJ 



Page 1 of 2 



PATENT ABSTRACTS OF JAPAN 



(1 1 )Publication number : 2001 -256988 

(43)Date of publication of application : 21.09.2001 



(51)Int.CI. H01M 8/04 

H01M 8/10 



(21 Application number : 2000-063852 (71)Applicant : TOYOTA MOTOR CORP 

(22)Date of filing : 08.03.2000 (72)Inventor : SANO SEIJI 

HAMADA HITOSHI 
TSUKANE TAKAHIDE 
MATSUMOTO SHINICHI 



(54) FUEL CELL SYSTEM AND FUEL CELL OPERATING METHOD 

(57)Abstract: 

PROBLEM TO BE SOLVED: To successfully operate a fuel cell without 
humidifying the gas at anode and cathode sides. 
SOLUTION: Calculations are made for the quantity of water Qw, to be 
generated in a fuel cell 30 based on the output current I of the fuel cell 30 
(S102) and for the quantities of saturated water vapor Qwa and Qwc, in the 
exhaust gas based on the flow rates Qa t Qc, pressures Pa and Pc and 
temperatures Ta and Tc (S106) of the exhaust, at anode and cathode 
sides. The water quantity control ratio, t, is defined as t=Qw/(Qwa+Qwc) 
(S108) and the operation of the fuel cell is controlled by adjusting the flow 
rates, Qa and Qc, pressures Pa and Pc temperatures Ta and Tc and 
current I of the exhaust gas at the anode and cathode sides to the 
direction negating the deviation At of the water quantity control ratio t and 
value 1 (S1 12). Owing to the above control, the fuel cell can be operated 
successfully without humidifying the gas at the anode and cathode sides. 
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Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] A fuel cell system of a solid-state macromolecule mold characterized by providing the following generation 
generated with said fuel cell generation which detects amount of water ~ amount of water ~ a detection means An 
amount detection means of exhaust gas saturated steam to detect the amount of saturated steam in exhaust gas of said 
fuel cell said generation - amount of water ~ generation detected by detection means ~ a water-flow-control ratio 
operation means to calculate a water-flow-control ratio as a ratio to the amount of saturated steam in exhaust gas 
detected by said amount detection means of exhaust gas saturated steam of amount of water An operation control means 
to control operation of said fuel cell so that a calculated this water-flow-control ratio becomes predetermined within the 
limits 

[Claim 2] said generation ~ amount of water « a detection means - the output current of said fuel cell - being based - 

said generation - a fuel cell system according to claim 1 which is a means to detect amount of water. 

[Claim 3] Said amount detection means of exhaust-gas saturated steam is a fuel cell system according to claim 1 or 2 

which is a means to by_which have an exhaust gas pressure detection means detect a pressure of said exhaust gas, an 

exhaust gas temperature detection means detect temperature of said exhaust gas, and an amount detection means of 

emission detect a flow rate of said exhaust gas, and an operation based on a pressure, temperature, and a flow rate of 

exhaust gas which were this detected detects the amount of saturated steam in said exhaust gas. 

[Claim 4] A fuel cell system equipped with an exhaust gas relative humidity detection means to be the fuel cell system 

of a solid-state macromolecule mold, and to detect relative humidity of exhaust gas of said fuel cell, and an operation 

control means to control operation of said fuel cell to become predetermined within the limits by making this detected 

relative humidity into a water-flow-control ratio. 

[Claim 5] There is no claim 1 which is a means to control to become within the limits in which said water-flow-control 
ratio includes a value 1 as said predetermined range, and said operation control means is the fuel cell system of a 
publication 4 either. 

[Claim 6] Said operation control means is a fuel cell system according to claim 5 which is a means to control so that 
said water-flow-control ratio becomes within the limits of 0.7-1.4 as said predetermined range. 
[Claim 7] Said operation control means is a fuel cell system according to claim 5 or 6 which is a means to control so 
that said water-flow-control ratio serves as a value 1. 

[Claim 8] There is no claim 1 and it is the fuel cell system of a publication 7 either. As operational status of said fuel 
cell It has a status-change means to change at least one condition of a flow rate of said exhaust gas, a pressure of said 
exhaust gas, temperature of said exhaust gas, and the output current of said fuel cell. Said operation control means A 
fuel cell system which is a means to control said status-change means so that at least one condition of a flow rate of said 
exhaust gas, a pressure of said exhaust gas, temperature of said exhaust gas, and the output current of said fuel cell 
changes and said water-flow-control ratio becomes predetermined within the limits. 

[Claim 9] the generation which is the fuel cell system of a solid-state macromolecule mold, and is generated with said 
fuel cell - the generation which detects amount of water — amount of water - a detection means, an exhaust-gas water- 
vapor-content detection means detect the water vapor content in exhaust gas of said fuel cell, and said generation - 
amount of water - the generation detected by the detection means - a fuel cell system equipped with an abnormality 
judging means judge the abnormalities of a system based on amount of water and the water vapor content in the exhaust 
gas detected by said exhaust-gas water-vapor-content detection means. 

[Claim 10] said abnormality judging means - said detected generation - a fuel cell system according to claim 9 which 
is a means to judge with abnormalities when there is no deflection of amount of water and a water vapor content in said 
exhaust gas in predetermined within the limits. 

[Claim 1 1] A fUel cell system according to claim 9 or 10 equipped with an alarm output means to output an alarm when 
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it judges with said abnormality judging means being unusual. 

[Claim 12] generation which is the operating method of a fuel cell of a solid-state macromolecule mold, and is 
generated with said fuel cell - an operating method of a fuel cell which controls operation of this fuel cell so that a 
water-flow-control ratio as a ratio to the amount of saturated steam in exhaust gas of this fuel cell of amount of water 
becomes predetermined within the limits. 

[Claim 13] An operating method of a fuel cell which is the operating method of a fuel cell of a solid-state 
macromolecule mold, and controls operation of this fuel cell to become predetermined within the limits by making 
relative humidity of exhaust gas of said fuel cell into a water-flow-control ratio. 

[Claim 14] An operating method of a fuel cell according to claim 12 or 13 controlled so that said water-flow-control 
ratio becomes within the limits of 0.7-1 .4. 

[Claim 15] An operating method of a fuel cell according to claim 14 controlled so that said water- flow-control ratio 
serves as a value 1 . 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] This invention relates to the operating method of the fuel cell system of 
a solid-state macromolecule mold, and the fuel cell of a solid-state macromolecule mold in detail about the operating 
method of a fuel cell system and a fuel cell. 
[0002] 

[Description of the Prior Art] Conventionally, as this kind of a fuel cell system, what makes unnecessary the 
humidification equipment by the side of a cathode is proposed by controlling an operating temperature at about 70 
degrees C (JP,1 1-31520,A). In the fuel cell of a solid-state macromolecule mold, the moisture concentration of a solid- 
state polyelectrolyte film affects the engine performance of a fuel cell directly according to a damp or wet condition, 
using the solid-state polyelectrolyte film which has good proton conductivity in many cases. For this reason, anode gas 
and cathode gas which are supplied to a fuel cell are humidified with humidification equipment in many cases. In the 
above-mentioned fuel cell system, the humidification equipment by the side of a cathode is made unnecessary by 
operating preferably 50-80 degrees C of fuel cells at the temperature of 60-70 degrees C. 
[0003] 

[Problem(s) to be Solved by the Invention] However, in an above-mentioned fuel cell system, since humidification 
equipment is required for an anode side even when the humidification equipment by the side of a cathode is 
unnecessary, miniaturization or low-cost-izing of a system cannot fully be attained. Moreover, in an above-mentioned 
system, since it is necessary to operate preferably 50-80 degrees C of fuel cells at the temperature of 60-70 degrees C, 
when it cannot operate in the temperature requirement, it cannot respond like the time of start up of a system, or a 
transient. 

[0004] The fuel cell system of this invention and the operating method of a fuel cell set to make unnecessary the 
humidification equipment not only a cathode side but by the side of an anode to one of the objects. Moreover, the fuel 
cell system of this invention and the operating method of a fuel cell set for the time of start up of a system and a 
transient to also operate a fuel cell by no humidifying to one of the objects. 
[0005] 

[The means for solving a technical problem, and its operation and effect] The fuel cell system of this invention and the 
operating method of a fuel cell took the following means, in order to attain a part of above-mentioned object [ at least ]. 
[0006] the generation which the 1st fuel cell system of this invention is a fuel cell system of a solid-state macromolecule 
mold, and is generated with said fuel cell - the generation which detects amount of water - amount of water - with a 
detection means An amount detection means of exhaust gas saturated steam to detect the amount of saturated steam in 
the exhaust gas of said fuel cell, said generation — amount of water — the generation detected by the detection means — 
with a water- flow-control ratio operation means to calculate the water-flow-control ratio as a ratio to the amount of 
saturated steam in the exhaust gas detected by said amount detection means of exhaust gas saturated steam of amount of 
water Let it be a summary to have an operation control means to control operation of said fuel cell so that the calculated 
this water-flow-control ratio becomes predetermined within the limits. 

[0007] the generation by which a water-flow-control ratio operation means is generated with a fuel cell in the 1st fuel 
cell system of this this invention - the water-flow-control ratio as a ratio to the amount of saturated steam in the exhaust 
gas of the fuel cell of amount of water is calculated, and an operation control means controls operation of a fuel cell so 
that this calculated water-flow-control ratio becomes predetermined within the limits. According to the fuel cell system 
of such this invention, a fuel cell can be operated, without humidifying cathode gas and anode gas by operating a fuel 
cell so that a water- flow-control ratio may become predetermined within the limits. And since a water-flow-control ratio 
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is not dependent only on the temperature of exhaust gas, the time of start up of a system and a transient can also 
respond. Here, the both sides of the exhaust gas by the side of a cathode and the exhaust gas by the side of an anode are 
included in "the exhaust gas of a fuel cell." 

[0008] the 1st fuel cell system of such this invention — setting - said generation — amount of water — a detection means 
- the output current of said fuel cell - being based - said generation - it shall be a means to detect amount of water In 
the 1st fuel cell system of this invention moreover, said amount detection means of exhaust gas saturated steam An 
exhaust gas pressure detection means to detect the pressure of said exhaust gas, and an exhaust gas temperature 
detection means to detect the temperature of said exhaust gas, It shall be a means by which have an amount detection 
means of emission to detect the flow rate of said exhaust gas, and the operation based on the pressure, the temperature, 
and the flow rate of exhaust gas which were this detected detects the amount of saturated steam in said exhaust gas. 
[0009] The 2nd fuel cell system of this invention is a fuel cell system of a solid-state macromolecule mold, and makes it 
a summary to have an exhaust gas relative humidity detection means to detect the relative humidity of the exhaust gas of 
said fuel cell, and an operation control means to control operation of said fuel cell to become predetermined within the 
limits by making this detected relative humidity into a water-flow-control ratio. 

[0010] An operation control means controls operation of a fuel cell by the 2nd fuel cell system of this this invention to 
become predetermined within the limits by making into a water-flow-control ratio relative humidity of the exhaust gas 
of the fuel cell detected by the exhaust gas relative humidity detection means. A fuel cell can be operated in the 2nd fuel 
cell system of such this invention, without humidifying cathode gas and anode gas by operating a fuel cell so that it may 
become predetermined within the limits by making relative humidity of exhaust gas into a water- flow-control ratio. And 
since it does not depend for the relative humidity of exhaust gas only on the temperature of exhaust gas, the time of start 
up of a system and a transient can also respond. Here, the both sides of the exhaust gas by the side of a cathode and the 
exhaust gas by the side of an anode are included in "the exhaust gas of a fuel cell." 

[001 1] In the 1st of these this inventions, or the 2nd fuel cell system, said operation control means shall be a means to 
control to become within the limits in which said water-flow-control ratio includes a value 1 as said predetermined 
range, or Said operation control means shall be a means to control so that said operation control means shall be a means 
to control so that said water-flow-control ratio becomes within the limits of 0.7-1.4 as said predetermined range or said 
water-flow-control ratio serves as a value 1 . 

[0012] In the 1st of this invention, or the 2nd fuel cell system, it has a status-change means to change at least one 
condition of the flow rate of said exhaust gas, the pressure of said exhaust gas, the temperature of said exhaust gas, and 
the output current of said fuel cell as operational status of said fuel cell. Moreover, said operation control means It shall 
be a means to control said status-change means so that at least one condition of the flow rate of said exhaust gas, the 
pressure of said exhaust gas, the temperature of said exhaust gas, and the output current of said fuel cell is changed and 
said water-flow-control ratio becomes predetermined within the limits. Since a water- flow-control ratio is dependent on 
the flow rate of exhaust gas, the pressure of exhaust gas, the temperature of exhaust gas, and the output current of a fuel 
cell, it can operate a fuel cell, without being able to control a water-flow-control ratio and humidifying cathode gas and 
anode gas by changing these at least one condition. 

[0013] the generation which the 3rd fuel cell system of this invention is a fuel cell system of a solid-state 
macromolecule mold, and is generated with said fuel cell - the generation which detects amount of water - amount of 
water - with a detection means An exhaust gas water vapor content detection means to detect the water vapor content in 
the exhaust gas of said fuel cell, said generation — amount of water — the generation detected by the detection means — 
let it be a summary to have an abnormality judging means to judge the abnormalities of a system based on amount of 
water and the water vapor content in the exhaust gas detected by said exhaust gas water vapor content detection means. 
[0014] the 3rd fuel cell system of this this invention — an abnormality judging means - generation — amount of water - 
the generation generated with the fuel cell detected by the detection means — the abnormalities of a system are judged 
based on amount of water and the water vapor content in the exhaust gas of the fuel cell detected by the exhaust gas 
water vapor content detection means, the case where this judgment is operated without humidifying cathode gas and 
anode gas — generation — it is based on amount of water and the water vapor content in exhaust gas becoming almost 
equal. According to the 3rd fuel cell system of such this invention, the abnormalities of a system can be judged. 
[0015] the 3rd fuel cell system of such this invention — setting — said abnormality judging means — said detected 
generation - when there is no deflection of amount of water and the water vapor content in said exhaust gas in 
predetermined within the limits, it shall be a means to judge with abnormalities 

[0016] Moreover, in the 3rd fuel cell system of this invention, when it judges with said abnormality judging means 
being unusual, it shall have an alarm output means to output an alarm. If it carries out like this, an operator can 
recognize the abnormalities of a system promptly. 
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[0017] the generation which the operating method of the 1st fuel cell of this invention is an operating method of the fuel 
cell of a solid-state macromolecule mold, and is generated with said fuel cell — let it be a summary to control operation 
of this fuel cell so that the water-flow-control ratio as a ratio to the amount of saturated steam in the exhaust gas of this 
fuel cell of amount of water becomes predetermined within the limits. 

[0018] According to the operating method of the fuel cell of this this invention, a fuel cell can be operated, without 
humidifying cathode gas and anode gas. And since a water-flow-control ratio is not dependent only on the temperature 
of exhaust gas, the time of start up of a system and a transient can also respond. Here, the both sides of the exhaust gas 
by the side of a cathode and the exhaust gas by the side of an anode are included in "the exhaust gas of a fuel cell." 
[0019] It is the operating method of the 2nd fuel cell of this invention, and it is the operating method of the fuel cell of a 
solid-state macromolecule mold, and let it be a summary to control operation of this fuel cell to become predetermined 
within the limits by making relative humidity of the exhaust gas of said fuel cell into a water- flow-control ratio. 
[0020] According to the operating method of the 2nd fuel cell of this this invention, a fuel cell can be operated, without 
humidifying cathode gas and anode gas. And since it does not depend for the relative humidity of exhaust gas only on 
the temperature of exhaust gas, the time of start up of a system and a transient can also respond. Here, the both sides of 
the exhaust gas by the side of a cathode and the exhaust gas by the side of an anode are included in "the exhaust gas of a 
fuel cell." 

[0021] In the operating method of the 1st or 2nd fuel cell of these this inventions, it shall control so that said water-flow- 
control ratio becomes within the limits of 0.7-1 .4, or it shall control so that said water- flow-control ratio serves as a 
value 1. 
[0022] 

[Embodiment of the Invention] Next, the gestalt of operation of this invention is explained using an example. Drawing 1 
is the block diagram showing the outline of the configuration of the fuel cell system 20 which is one example of this 
invention. The fuel cell system 20 of an example is equipped with the fuel cell 30 of the solid-state macromolecule mold 
which generates the hydrogen from the hydrogen supply source 22, and the oxygen from an oxygen supply 24 as a fuel, 
the cooling system 40 which cools this fuel cell 30, the load 54 driven with the power from a fuel cell 30, and the 
electronic control unit 60 which controls the whole system so that it may illustrate. 

[0023] The hydrogen supply source 22 is a supply source which can be supplied to a fuel cell 30 about the hydrogen 
content gas containing hydrogen, for example, the refining machine which generates hydeogen-rich gas by steam 
reforming corresponds the hydrogen tank with which it filled up with hydrogen, and a methanol. An oxygen supply 24 
is a supply source which can be supplied to a fuel cell 30 about the oxygen content gas containing oxygen, for example, 
Blois which supplies air as oxygen content gas corresponds. In addition, in the fuel cell system 20 of an example, the 
humidification equipment which humidifies the hydrogen content gas from the hydrogen supply source 22 and the 
oxygen content gas from an oxygen supply 24 is not formed. 

[0024] A fuel cell 30 is a polymer electrolyte fuel cell constituted by carrying out two or more laminatings of the cell 
3 1 . The outline of the configuration of the cell 3 1 which constitutes a fuel cell 30 in drawing 2 is shown. The electrolyte 
film 32 which is the membrane of proton conductivity formed with polymeric materials, such as fluorine system resin, 
as a cell 3 1 is illustrated, The anode 33 and cathode 34 as a gas diffusion electrode which are formed of the carbon 
crossing which the catalyst of the alloy which consists of platinum or platinum, and other metals scoured, and was 
loaded with it, pinch the electrolyte film 32 in respect of the catalyst having scoured and having been put, and constitute 
sandwich structure, It is constituted by two separators 35 which make the septum between the cells 31 which adjoin 
while forming the passage 36 and 37 of hydrogen content gas or oxygen content gas with an anode 33 and a cathode 34, 
inserting this sandwich structure from both sides. In addition, although not illustrated, the passage of the cooling 
medium for cooling a fuel cell 30 is also established in the cell 31. 

[0025] The amount of supply of the hydrogen content gas from the hydrogen supply source 22 to a fuel cell 30 and the 
amount of supply of the oxygen content gas from an oxygen supply 24 can be adjusted now by the control-of-flow bulbs 
26 and 27, and the gas pressure in a fuel cell 30 can be adjusted now by the gas pressure control bulbs 28 and 29 
attached in the exhaust gas side. In this way, if hydrogen content gas is supplied to passage 37 from an oxygen supply 
24 while hydrogen content gas is supplied to passage 36 from the hydrogen supply source 22, electrode reaction shown 
in a degree type (1) and a formula (2) in an anode 33 and a cathode 34 will be performed, and chemical energy will be 
changed into direct electrical energy. 
[0026] 

Anode: H2 ->2H++2e- (1) 

Cathode: 2H++2e-+(l/2) 02 ->H20 (2) 

[0027] A cooling system 40 is equipped with the circulating flow way 42 which is connected with the passage of a 
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cooling medium (for example, water) established in the cell 31 of a fuel cell 30, and circulates through a cooling 
medium, the circulating pump 44 made to circulate through a cooling medium in the circulating flow way 42, and the 
heat exchanger 46 which cools a cooling medium by the open air, cools the heat generated with a fuel cell 30 by the 
open air by inclusion of a cooling medium, and can perform now temperature control of a fuel cell 30. In addition, 
temperature control of a fuel cell 30 is performed by adjusting the flow rate of the cooling medium circulated with a 
circulating pump 44. 

[0028] It connects through the output terminal and the current control circuit 52 of a fuel cell 30, and a load 54 is driven 
with the power generated by the fuel cell 30. In addition, in the example, as a load 54, drivers, such as a motor, are 
contained and also a rechargeable battery etc. is contained. The current control circuit 52 is a circuit which can adjust 
the current impressed to a load 54, and changes a current value with the control signal from an electronic control unit 
60. 

[0029] The electronic control unit 60 is constituted as a microprocessor centering on CPU62, and is equipped with 
ROM64 which memorized the processing program other than CPU62, RAM66 which memorizes data temporarily, and 
input/output port (not shown). The amount Qa of emission by the side of the anode from the flowmeter 72 formed in 
exhaust gas piping by the side of the anode 33 of a fuel cell 30 at the electronic control unit 60, a pressure gage 74, and 
a thermometer 76, the exhaust gas pressure Pa, and the exhaust gas temperature Ta The current I from the ammeter 56 
attached in the output terminal of the amount Qc of emission by the side of the cathode from the flowmeter 82 formed in 
exhaust gas piping by the side of a cathode 34, a pressure gage 84, and a thermometer 86, the exhaust gas pressure Pc, 
the exhaust gas temperature Tc, and a fuel cell 30 etc. is inputted through input port. Moreover, from the electronic 
control unit 60, the driving signal to a circulating pump 44, the driving signal to the actuators 26a and 27a of the 
control-of-flow bulbs 26 and 27, the driving signal to the actuators 28a and 29a of the gas pressure control bulbs 28 and 
29, the control signal to the current control circuit 52, the burning signal to an indicator 90, etc. are outputted through 
the output port. 

[0030] Next, actuation of the fuel cell system 20 of the example constituted in this way, especially operation actuation 
of a fuel cell 30 are explained. Drawing 3 is a flow chart which shows an example of the operation control routine of the 
fuel cell 30 performed with the electronic control unit 60 of the fuel cell system 20 of an example. After a fuel cell 30 
starts, repeat activation of this routine is carried out for every (every [ for example, ] 100msec) predetermined time. 
[0031] If this operation control routine is performed, CPU62 of an electronic control unit 60 will first perform 
processing which reads the exhaust gas pressures Pa and Pc from the amounts Qa and Qc of emission and pressure 
gages 74 and 84 from flowmeters 72 and 82, the exhaust gas temperature Ta and Tc from thermometers 76 and 86, and 
the current I from an ammeter 56 (step SI 00). and the amount of the water generated by per unit time amount with a 
fuel cell 30 based on the read current I, i.e., generation, — amount of water Qw is calculated by the degree type (3) (step 
SI 02). Here, "F" in a formula (3) is a Faraday constant. 
[0032] 
[Equation 1] 

I 

Qw = •••• (3) 

[0033] Next, using the read exhaust gas temperature Ta and Tc, based on a degree type (4), the maximum vapor tension 
Pwa and Pwc by the side of an anode and a cathode is calculated (step SI 04), and the amounts Qwa and Qwc of 
saturated steam in the exhaust gas by the side of an anode and a cathode are calculated by the formula (5) using the 
obtained maximum vapor tension Pwa and Pwc, the read amounts Qa and Qc of emission, and the exhaust gas pressures 
Pa and Pc (step SI 06). In addition, among a formula (4), Pw (a, c) shows Pwa or Pwc as maximum vapor tension, and T 
(a, c) shows Ta or Tc as an exhaust gas temperature. Moreover, among a formula (5), Qw (a, c) shows Qwa or Qwc as 
an amount of saturated steam in exhaust gas, and Q (a, c) shows Qa or Qc as an amount of emission. 
[0034] 
[Equation 2] 
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Qw(o,c> * 



Pwto,c) 



X 0(0,0 -"(5) 



P(a,c> - Pwto.c) 



[0035] then, the generation calculated at step SI 02 - while calculating the water-flow-control ratio t by the degree type 
(6) with the amounts Qwa and Qwc of saturated steam in the exhaust gas by the side of the anode calculated at amount 
of water Qw and step SI 06, and a cathode (step SI 08), deflection deltat of the water-flow-control ratio t and a value 1 is 
calculated (step SI 10). And operation control of the fuel cell 30 is carried out in the direction in which deflection deltat 
is negated (step SI 12), and this routine is ended. The relation between the water-flow-control ratio t and operation of a 
fuel cell 30 is explained below. 



Qwa + Qwc 



[0037] Drawing 4 is a graph which shows an example of the relation between the water-flow-control ratio t when 
making current density of a fuel cell 30 into constant value (0.5 A/cm2), and the generated voltage in a fuel cell 30. 
No. l-No.5 are experiment No. of degree table 1 among drawing. That is, the graph of drawing 4 points at the data 
obtained in the experiment of a table 1, and explains that predetermined relation can be found out to the water-flow- 
control ratio t and the generated voltage of a fuel cell 30 in spite of experiment [ which ]. Each experiment in a table 1 
was conducted by taking data, when it was operated within suitable limits and 30 minutes passed about each actuation 
factor, after setting up the fixed factor of the **** right column using what adjusted the amount of catalysts, using ion 
exchange membrane with a thickness of 30 micrometers as an electrolyte film 32 so that it might become an anode 33 
and a cathode 34 with 0.3 mg/cm2 and 0.5 mg/cm2, respectively. For example, in experiment No.l , the hydrogen flow 
rate was fixed with 54 cc/min, the operating temperature of 80 degrees C, and lkg/cm2 of gas pressure, and the air flow 
rate was sequentially operated from 150 cc/min to 420 cc/min. As shown in the graph of d rawin g 4 , in experiment 
No.l, the data of five points is obtained for the water-flow-control ratio t in 0.4-1.2. The same is said of experiment 
No.2-5. 



[0038] 
A table 1] 
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[0039] As shown in the graph of drawing 4 , even if it changes the operational status of a fuel cell 30, the relation shown 
in the graph of drawing 4 between the water-flow-control ratio t and a generated voltage is obtained. In 0.6 or less field, 
the engine performance of a fuel cell 30 falls [ the water-flow-control ratio t ] rapidly among this relation. If this is 
considered from the definition of the water-flow-control ratio t, it will be considered to originate in desiccation of the 
electrolyte film 32. On the other hand, the engine performance of a fuel cell 30 will fall, if the water-flow-control ratio t 
exceeds 1.4. This is considered to be based on over-humid [ of the electrolyte film 32 ]. Therefore, if a fuel cell 30 is 
operated so that the water-flow-control ratio t may become within the limits of 0.7-1.4, the good cell engine 
performance is securable. If a fuel cell 30 is especially operated so that the water- flow-control ratio t may become a 
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[Equation 3] 



Qw 



t =■ 



• (6) 
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value 1, a fuel cell 30 can be operated as more highly efficient operational status. The reason for carrying out operation 
control of the fuel cell 30 in the direction in which deflection deltat of the water-flow-control ratio t and a value 1 is 
negated by the above at steps SI 10 and SI 12 in the operation control routine of drawing 3 was explained. Next, actual 
operation control is explained. 

[0040] If it assumes now that it is what operates an anode and cathode side on the completely same conditions (i.e., if it 
assumes that they are Qa=Qc, Pa=Pc, and Ta=Tc), since it will become Pwa=Pwc, under this assumption, the water- 
flow-control ratio t is expressed with a formula (7) by substituting a formula (3) and a formula (5) for a formula (6). 
[0041] 
[Equation 4] 

l /2F x (Pa + Pwa) 

t - (7) 

2PwaQa 



[0042] If the exhaust gas pressure Pa, maximum vapor tension Pwa, and the amount Qa of emission are fixed from this 
relation, since the water-flow-control ratio t is proportional to Current I, the relation of the water-flow-control ratio t and 
Current I which are illustrated to d rawin g 5 will be obtained. Moreover, if Current I, the exhaust gas pressure Pa, and 
maximum vapor tension Pwa are fixed, since the water-flow-control ratio t is in inverse proportion to the amount Qa of 
emission, the relation of the water-flow-control ratio t and the amount Qa of emission which are illustrated to drawing 6 
will be obtained. Similarly, if Current I, maximum vapor tension Pwa, and the amount Qa of emission are fixed, since 
the water-flow-control ratio t is proportional to the exhaust gas pressure Pa, the relation of the water- flow-control ratio t 
and the exhaust gas pressure Pa which are illustrated to drawing 7 will be obtained. If Current I, the exhaust gas pressure 
Pa, and the amount Qa of emission are fixed, the water-flow-control ratio t is in inverse proportion to maximum vapor 
tension Pwa. Since maximum vapor tension Pwa is the secondary function of the exhaust gas temperature Ta, the water- 
flow-control ratio t will be in inverse proportion to the cube of the exhaust gas temperature Ta, and the relation of the 
water- flow-control ratio t and the exhaust gas temperature Ta which are illustrated to drawing 8 is obtained. Therefore, 
the water-flow-control ratio t can be adjusted by adjusting Current I, the exhaust gas pressure Pa, the amount Qa of 
emission, or the exhaust gas temperature Ta. Of course, the water-flow-control ratio t can be adjusted also by adjusting 
two, Current I, the exhaust gas pressure Pa, the amount Qa of emission, and the exhaust gas temperature Ta, or more. 
These relation is materialized when it assumes that it is what operates an anode and cathode side on the completely 
same conditions, but even when the inclination of this relation has an independent anode and cathode side respectively, 
it is materialized. 

[0043] Therefore, operation control of the fuel cell 30 in step SI 12 of the operation control routine of drawing 3 can be 
performed by adjusting one of Current I, the exhaust gas pressures Pa and Pc, the amounts Qa and Qc of emission, and 
the exhaust gas temperature Ta and Tc, or two or more. What is necessary is just to set about which element is actually 
adjusted according to the operational status of a fuel cell 30, or the actuation condition of a load 54. For example, what 
is necessary is just to adjust with elements other than Current I, when the current I impressed to a load 54 wants to 
change. What is necessary is just to adjust Current I in the control at the time of start up of a fuel cell 30, so that it may 
illustrate to drawing 9 , and the water-flow-control ratio t may become a value 1 with lifting of the exhaust gas 
temperature Ta and Tc. The fuel cell 30 is smoothly put into operation by this control so that drawing 9 may show. 
[0044] In addition, accommodation of each element can be performed as follows. The current control circuit 52 can 
perform accommodation of Current I, and accommodation of the opening of the gas pressure control bulbs 28 and 29 
can perform accommodation of the exhaust gas pressures Pa and Pc. Moreover, accommodation of the opening of the 
control-of-flow bulbs 26 and 27 can perform accommodation of the amounts Qa and Qc of emission, and 
accommodation of the flow rate of the cooling medium by the circulating pump 44 can perform accommodation of the 
exhaust gas temperature Ta and Tc. Therefore, what is necessary is just to carry out actuation control of the current 
control circuit 52, the control-of-flow bulbs 26 and 27, the gas pressure control bulbs 28 and 29, and the circulating 
pump 44 according to the operational status of a fuel cell 30, or the actuation condition of a load 54. 
[0045] According to the fuel cell system 20 of an example explained above, operation control of the fuel cell 30 can be 
carried out in the good condition, without humidifying hydrogen content gas and oxygen content gas based on the 
water-flow-control ratio t. That is, a fuel cell 30 can be operated in the highly efficient condition by controlling the 
water-flow-control ratio t within the limits of 0.7-1.4, and controlling so that the water-flow-control ratio t becomes a 
value 1 preferably. 

[0046] the fuel cell system 20 of an example - the operation control routine of drawing 3 — setting — generation — 
although shall calculate amount of water Qw, maximum vapor tension Pwa and Pwc shall be calculated, the amounts 
Qwa and Qwc of saturated steam in exhaust gas shall be calculated and the water-flow-control ratio t shall be further 
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calculated using these, it is good also as what calculates the water-flow-control ratio t promptly. 
[0047] Although operation of a fuel cell 30 shall be controlled by the fuel cell system 20 of an example in the direction 
in which deflection deltat of the water-flow-control ratio t and a value 1 is negated, it is good also as what carries out 
operation control of the fuel cell 30 so that the water-flow-control ratio t may become within the limits of 0.7-1 .4. 
[0048] Next, fuel cell system 20B as the 2nd example of this invention is explained. Drawing 10 is the block diagram 
showing the outline of the configuration of fuel cell system 20B of the 2nd example. Fuel cell system 20B of the 2nd 
example is carrying out the same configuration as the fuel cell system 20 of the 1st example except for the point 
equipped with the hygrometers 79 and 89 which detect relative humidity rhoha of a point equipped with the heaters 77 
and 87 which heat the exhaust gas by the side of an anode and a cathode, a point equipped with the thermometers 78 and 
88 which detect the temperature Tha and The of the heated exhaust gas, and the heated exhaust gas, and rhohc so that it 
may illustrate. In order to exclude duplication of explanation, among the configurations of fuel cell system 20B of the 
2nd example, about the same configuration as the fuel cell system 20 of the 1st example, the same sign is attached and 
the explanation is omitted. In addition, the heaters 77 and 87 with which fuel cell system 20B of the 2nd example is 
equipped are constituted as a ribbon heater attached in exhaust gas piping. 

[0049] In this way, in fuel cell system 20B of the 2nd constituted example, the operation control routine illustrated to 
drawing 1 1 with an electronic control unit 60 is performed. When this routine is performed, CPU62 of an electronic 
control unit 60 first Relative humidity rhoha of the exhaust gas pressures Pa and Pc from the amounts Qa and Qc of 
emission and pressure gages 74 and 84 from flowmeters 72 and 82, the exhaust gas temperature Ta and Tc from 
thermometers 76 and 86, the exhaust gas temperature Tha and The after heating from thermometers 78 and 88, and the 
exhaust gas after heating from hygrometers 79 and 89, rhohc and processing which reads the current I from an ammeter 
56 are performed (step S200). And processing which changes relative humidity rhoha of the exhaust gas after read 
heating and rhohc into relative humidity rhoa in the exhaust gas temperature Ta and Tc and rhoc is performed (step 
S202). Exhaust gas is heated with heaters 71 and 81, relative humidity rhoha and rhohc are detected here, and these are 
changed into relative humidity rhoa in the exhaust gas temperature Ta and Tc, and rhoc for detecting the case where the 
amount of water in exhaust gas has become fog-like exceeding the amount of saturated steam. That is, it is for 
evaporating fog-like water with heating and detecting as relative humidity. For this reason, relative humidity rhoa in the 
changed exhaust gas temperature Ta and Tc and rhoc may become a value exceeding 100%. 
[0050] Next, relative humidity rhoa in the changed exhaust gas temperature Ta and Tc and rhoc are changed into the 
water-flow-control ratio t (step S204). The time of the anode and cathode side being operated on the same conditions, 
and rho a=rho b being materialized now, is considered, since the water generated is discharged as a steam in exhaust gas 
when not humidifying the oxygen content gas supplied from the hydrogen content gas supplied from the hydrogen 
supply source 22, or an oxygen supply 24 with humidification equipment ~ generation ~ amount of water Qw becomes 
equal to the water vapor content in exhaust gas. generation of as opposed to [ relative humidity is a water vapor content 
to the amount of saturated steam in the temperature in exhaust gas, and ] the amount of saturated steam in exhaust gas in 
the water-flow-control ratio t — since it is amount of water Qw ~ the case of non-humidified operation - generation ~ if 
it takes into consideration that amount of water Qw and the water vapor content in exhaust gas are equal, the water- 
flow-control ratio t will become equal to relative humidity. Therefore, the conversion to the water-flow-control ratio t of 
relative humidity rhoa in step S204 and rhoc distributes relative humidity rhoa and rhoc by flow rate, and should just 
add them. Namely, what is necessary is just to calculate by the degree type (8). 
[0051] 
[Equation 51 

t m PoQq+PcQc .... (8) 
Qa + Oc 

[0052] If the water-flow-control ratio t is calculated, deflection deltat of the water-flow-control ratio t and a value 1 will 
be calculated (step S206), operation control of the fuel cell 30 will be carried out in the direction in which deflection 
deltat is negated (step S208), and this routine will be ended. It mentioned above about the reason for carrying out 
operation control of the fuel cell 30 in the direction in which deflection deltat is negated. 

[0053] According to fuel cell system 20B of the 2nd example explained above, operation control of the fuel cell 30 can 
be carried out in the good condition, without humidifying hydrogen content gas and oxygen content gas based on the 
relative humidity of the exhaust gas of a fuel cell 30. That is, a fuel cell 30 can be operated in the highly efficient 
condition by controlling within the limits of 0.7-1 .4 by making relative humidity into the water-flow-control ratio t, and 
controlling so that the water-flow-control ratio t becomes a value 1 (relative humidity is 100%) preferably. 
[0054] the time of operating a fuel cell 30, without humidifying hydrogen content gas and oxygen content gas, as 
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mentioned above generation ~ amount of water Qw and the water vapor content Qg in exhaust gas become equal, 
therefore, generation — amount of water Qw and a water vapor content Qg are measured, and the abnormalities of a 
system can also be judged by the size. An example of the abnormality judging manipulation routine performed by 
drawing 12 with the fuel cell system 20 of the 1st example or the electronic control unit 60 of fuel cell system 20B of 
the 2nd example is shown. 

[0055] if this abnormality judging manipulation routine is performed — CPU62 of an electronic control unit 60 — first — 
the amounts Qa and Qc of emission, the exhaust gas pressures Pa and Pc, the exhaust gas temperature Ta and Tc, the 
exhaust gas temperature Tha and The after heating, relative humidity rhoha after heating, rhohc, and Current I — reading 
(step S300) — generation — while calculating amount of water Qw (step S302), a water vapor content Qg is calculated 
(step S304). and generation - amount of water Qw, a water vapor content Qg, and deflection deltaQ are calculated (step 
S3 06), and the absolute value of deflection deltaQ is compared with a threshold Qref (step S308). here - a threshold 
Qref — generation - it is set up as a range permissible to the deflection of amount of water Qw and a water vapor 
content Qg, and is set according to magnitude, a class, etc. of fuel cell 30. 

[0056] It judges with it being unusual when the absolute value of deflection deltaQ is larger than a threshold Qref, and 
an indicator 90 is turned on (step S3 10), when the absolute value of deflection deltaQ is below the threshold Qref, it 
judges that he has no abnormalities and this routine is ended, here - generation — when it is larger than a water vapor 
content Qg and amount of water Qw becomes [ the absolute value of deflection deltaQ ] larger than a threshold Qref, the 
leak has arisen from piping etc. or instruments are damaged in many cases, moreover, generation -- when it is smaller 
than a water vapor content Qg and amount of water Qw becomes [ the absolute value of deflection deltaQ ] larger than a 
threshold Qref, instruments are damaged in many cases. In the abnormality judging manipulation routine of an example, 
when such abnormalities are judged and it judges with it being unusual, an indicator 90 is turned on and the operator is 
told about abnormalities, thus ~ the abnormality judging manipulation routine of an example generation the 
abnormalities of a system can be judged based on amount of water Qw and a water vapor content Qg. And since an 
indicator 90 is turned on at the time of abnormalities, an operator can know the abnormalities of a system promptly. 
[0057] the abnormality judging manipulation routine of an example — generation — although the absolute value of 
deflection deltaQ of amount of water Qw and a water vapor content Qg was compared with the threshold Qref, it is 
good also as a thing [ the threshold of a positive value, and the threshold of a negative value / Q / deflection delta]. In 
this case, even if the magnitude of the threshold of a negative value is not the same as the magnitude of the threshold of 
a positive value, it does not interfere. 

[0058] As mentioned above, although the gestalt of operation of this invention was explained using the example, as for 
this invention, it is needless to say that it can carry out with the gestalt which becomes various within limits which are 
not limited to such an example at all and do not deviate from the summary of this invention. 
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1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
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tea, *v-F«y©»#;*tTy-KtfJl©»#x© 
[0 0 1 1] cft^*S5W©I 1 *fctt^'2 ©^Strife 

ac*jv>t, sui3aiEfW»#attisiraa***J»Jt 
ykmfflwittsmzmfe&mt.isxo . 7-1. 4©«sh 

tt, mil3ate$iJffll^S!iimi37jcaSiJffllJtAsfiS 1 tftZ*. 
omm?Z^&X&%t>CD£-?Z>Z£&X%2>o 
[0 0 12] £fz. *»WO»'l *fctt*2CD«R»«* 
X t- A IC *5 T , §3^Si|s4mfte©atett^ £ L T Su 13 

Hu!3^*ft6©tH7j«M©'i>'Et < i: ^©tt^Sr^S 

^-•s.ttffi^s^is*ii^.s iJFiaafeWJW*®^ aaaa* 

T^X©^*, bu83SW^©E^7, h5b3#^^©MS, bu 
fB^flirtfeWtH^m^©^ < oo^Sr^H'U 
TS5I37KS^J»tt A s P/f femmfo £tn Z> «t -5' B5IBtt!B*2. 

asuffluttis »3tf^©aE«, »#x<D&t),. mxxcDU 

Bt, Mnmm<Dm*jm%lLlzfo : f£ir2>ti*e>, zn^(D'Pta 



( 4 

5 

[0013] ^m<DfH3(Dmnm.^>^ : r^t, in* 

[0 0 14] c©*^B^©^3©^*4mftfe->^^AT- 

y — k a * 7" y - k ti ios-a-r tester s *§^t 

fcfc> H t j* #X (f ©**»• tt (5 i: A, if ^ L, < & 

S r i: < . 3 *> Ufc*»B§©* 3 ©*R»«fftSf^ 

^Atctniis <> x ^ a ©** fcjpj srr * - 1 * s * 

So 

[0 0 15] i5 l/&*^©l3fflI^S*^fA • 

5 1. ffii&m 13 x ^©tMS^CB £ ©<IM#FJr ^*5H C 
v^*C*tffc*JJg*S*ST?fcS*©i:1-*£i:*»'C 

[0 0 1 6] *^fl^©^3©*RJ|s4Sffe~>x^A(c 

[00 17] &2&W<Dm 1 ©«!ss(s4mffe©3lte^Stts H 
fls!K^ffi©*R*t«»©ail5*iS'P»o-rs H383*R**«. 30 
ffer- £s& sn4 £fi^*©K*B**«ft ©# # * (f ©flSW 
zksSMSCfcf-rstfci: UT©*fi*Jfflllt* s Hff^iaF*3i: 

So 

[0018] c at: in 

BT, *V— K^W- KtfXfcAQffi-f SC:i:&<^ 
*4Srte^3lte-rsci:* s T-5So uiFtu zkfifPJffliitB: 
»#x©iBg©<frictt^s£©T-tt&v'>7>£K isxt- 

A©5&tt^iS«B#ft>Mli£;-rs CI i#T*§ So C £ 
7^ — K{Pi)©j#^©K** s ^*tlSo 

[0019] *&w<Dm2<Dmnmmc>m$£?3m-z-$>-D 

IS i: & S «fc o IgttMsMBttoaUE £ fM»f s c t & s b' 

trs. 

[0 0 2 0] £©#»re©i8 2 ©«#**© jHKSrStC 
itxfc^ * V- YX7>*7J— K^^AQS-rSCt'Ec 
<*&frffifa£jI$El- S^ttf-e^S. LA»*>, $#;*© 
fflMSKtt^#:*©?ae©2*£fl<#'^S ^©T-te&^A 5 50 
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So nfctt«ifo©»#*j cau *y-HB© 

[0021] £ft&*«rc©»i*fctt*2©«m«m 
©ME^ist*^-^ naKTkwwwtfc* 1 o . 7-1.4 

©*6fflrti:&S<fc-58iiJffl-t"S4>©i:L&!K iiySBzkSftJ 
WJfctfttl i:T&S«t5ffiiJfflIt-S*©i:-rs^i:4»T-& 

So 

[0 0 2 2] 

l%fflp%M<OWtM} **W©*M.©Ji2SB&£Blt. 
0!li£ffl^-'Ta5iB-B1"S. l2 Ui, *^W©— HJE0it-fe5 
^mrfe^-^^A 2 0©«j«©«WS*^-r«lJ58BI"Cfe 
So. HS|^J©^iN-Sfte^X^A 2 Ofcfc, ^^^"S.t-5 . 

7K^W$&«2 2 *»&©** 2 4* &'© 
&5Hi:£«!i#4i: LtlEtf %B<**4H t S©«»4«»i3 
Ot z©«*4*ife3 0.*H^*-*iWiUB«4 0i:, *R 
3^S«fe3 0 *»£>©«*»£ Jr&MBrf 3 fl» 5 4i:,. >x 
^A±f*$r.3> hD— ^l/tSt?^-!' b 6 0 i;£ 

[0 0 2 3] *JR«*&*2.2tt;--*****-r**** 

3 0 t:«i&qri6&«*&*"efe ^ 
afeStitjTksRU <y^^x^^-rs5feK^if* s i^^ 

n»j©^*4Sffe->^^A2 ot-it Tkmmi&n 

2 2*^©7jcig^7yx j ?'^#t*&ii2 4 *»&©»*$ 

*^Sr*nS-rsSaS^g<il&{t?)*xTV^^o 

[0024]. mmnm 3 0 mmm 3. 1 u 

mrt&3 0^«^-rsm®ftb3 1 ©«J5S;©mi»&^^o ^ 
S*3 ltis B»t4i5t, 7«y**»IBaif©?S«- 
?*mCi5f«$n&7o h >j»S14©Mf*T-feSS 
^MW3 2 £u e^*fctte^4:flb©^JK^& 3 &*'&^. 
©M«* s ^t>ji©?>nfc^— Tjfv^oxt J: DJ^fiK^n. 
M^#$*£ji©&nfc®T-S8?ft®l3 2&*J#UT*> 

k -f. » m *mm-t s i&nmm £\jx<otj-y 

3 3 isi^* V— K 3 4 C©it> K-f •y^^jgS:^ 
{PJlA^^oo^y — K 3 3*J±lf*V— I* 3 4i:TvJc 
'*^*ifX^>R*^^©aES&3 6,3 7 ^ff^fig-TS 

7^b— <^ 3 5 «t tl«^iX$^^T^^So «t4b\ Mfr^tt 
^Hffe3 lfctt, *8»«flh 3 0 *}*»•*■*&«>© 

[0 0 2 5] ^mft&3 0^©**«l&»2 2 

m^max(Dm^&t^mm^2 4 a»&©»sr*w^ 

X©#t$&gtt^ ?^fi$W^VU7 r 2 6 , 2 7C<fcoT5@i5 
T-#S<t5C7&:oT^tl> *RJft«flh3 0rt©^JEtt, 

miixmzm*)ttifc>titzjjxi£Mm^^7'2 8, 29 



( 5 ) 



feffi 2 2 * 6** §r* 3 6 ft S 

C 2 4*>67K*^W*'**$itS&3 7C«? 
ft- Si:* 3*iJ:tF*V— K3 4C*5VM^ 

: H,-*2H* + 2 i 

^jy- K : 2 H' + 2 e" + 

[0 0 2 7 ] .'*4P&8 4 0 fct, *H$*4m* 3 0 ©#*«1 3 

i cRw&ftfci#sj«M* *) amxtmmts 

* % «S«««3 0©fflflEH«Stts W>74 4t<tt) 

m$ * 5 jMp«M*©«E«*«u -i- a c t «fc t> f? * 

"5° 

[ 0 0 2 8 ] Affi 5 4 «s ^*4mtfe 3 0 ©a**?*:* 

fcfc, M5 4J;bm SfM«&£©SEiM!yi*^£ft 
*fl&, n*«itlifcir*«*ft4. ««EHflSEIBI5 2ttv 

ta. 

1& i:t*v>f ^urnts'tk LTfl&5&£ftT*3?K C 
PU6 2©{fe£, M^^-ASia»b&ROM6 4 
t;'— ftttCT*— *£B1ft-r*RAM6 6fc, Affi*# 
-V da^-e-r) «^»J»-a-=y b 6 OK 

tt, $S»Srfe3 0©T^-b3 3«©##*Mffc»W 
£ftfc«S§t7 2, EM7 4, «Jttt7 6*&©7V. 

T a-f\ *V— b* 3 4{ffl©l#*;*BB^I§!l*6ftfctStS 
gt 8 2 , JE^aSt 8 4 , 8 6*6©'* V- 

^jUQ.c, »«E*Pc, i^ifiTc, 

[0 0 3 3] §fc#S£A,£#***iaKT a,Tc& 

ffl V^T *S . ( 4 ) ■ C*^T T > - K«* * V* V - K 
• {PJlOfiSIP^JEPwa, Pwcfcltffb Uf^7Sl 
0 4) , 6tLfefS^^JEPwa, PwctiftM 
Ci^iiQa, Qc & , PctSffl 

^ t7 y- hMu^j:^* v- KflB©*#* 

^.fiQwa, Qwc*a(5)CJ:!)tt*t4' Urv 
7S106). *43* 5S (4) ^ Pw (a, c) ttflS 
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20 
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(i) *5<tviC (2) }c?s-fsn£j£* 5 tf&fc>ns fb* 

[0 0 2 6] 



5" (1) 

(1/2) O.^H, 0(2) 

Hffe3 0©tB*^£SSt>tttt6ftfc«tfti+5 6*6© 

fcv fc^tOT.a=* b 6 0*6fcts fl|3g#>7*4 4-^© 
|gl&fI^atfiS l J»^*^^2 6 , 2 7 07^^1-5' 
2 6 a, 2 7 a^©SB»{f ^> JSXEEVm'Vb? 2 8 , 
29©7^fix r ^ 28a, 2 9 a^©f&itl{i^> ® 
gSSSg5|e]8&5 2^©ftlWi^, -f 9 0^©,<£ 

[0030] cait*Ei^nfe*WJ©)«fit 
•^-ca&mri-*. @3fc£, nss^j©^*4Sffe^^7 i A2 

OCS^JW^--^ b 6 0fc£t>*fT*ft4*R****3 
0 ©3*kWWJI/— ^ > ©—04 £ 7 D + ~" h T * * 

^B#F5€ (#IX-fi> lOOmsecS) iSU^IfT 
$fti><> 

[0 0 3 1 ] CCD»te#J»;i/— ^-Vtf^frStlSilx « 
:f#Jf8f;x- y h- 6 0©CPU 6 2(3\ £?\ lfitSIt7 
2, 8 2i>f.©t^$lQa, Qo^>E*tt7 4,. 8 
4 4>?>®i«E*Pa ) Pc, i&J8lt7 6, 8 6*6 
ffli^fiKTa, Tc, ««Mt5 6*&©«*I*t* 
*jitr«I«fc*fT-r4 (^f-J'T'S 100). *bt, 

Hfefc?)K:^J5E$n47jc©fi. I|l6£/&7.k*Qw£&5£; 
(3) £<fc t)tt.»-rft Uf77S10 2). CiU, 
St (3) <P© r Fj B7 7 7T- o. 
[0 0 3 2] 



' {3) 

40 jfn^8^jEi:UT©Pwa*fcttPwc^U T (a, 

c) fi»*^taetb-r©ta*fc{iTc^^-r. * 

fcs a (5) Qw (a, c) tt»#**©ISffl*ai 
MltltfflQwalfetiQwc^U Q (a, c) 
MW7SIhlt©QaSfeliQc^t» 

[0 0 3 4] 

[*2] 



30 



( '6 ) 



Pw<a,c> =0.4552-0.0004757 (T(q,c) - 160) 
-0.000000685(T(a,c) - 160 ) 2 - • 
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(4) 



Qw(o,c> = 



Pw(a,c) 



P(a,c> - Pwla.c) 



X Q.(o,c) ••■(5) 



[0 0 3'5].*bWT\ *7"if7S 10 2 f!t# 
/JcfiQwhx^^rs l 0 6T-ffff Lfcrv — FfJlisi 
U 1 * V— H(SI©gW^4 J CDlSI07jc^^,fiQwa, Qwc 
fcfcJ:»)lfeSt (6) £ J; D*«H»ttt Sift 
K (^f^T'S 10 8), *«IW»Jtt.i:fl[l tolill 
A t £§t»?-& (^rv7S i 1 0) o f btv (ISA 

UT-y7S11.2) % sM/— ^>S»71-S. *»H 
Witt i:^*4S!Tfe3 0ffl«tefc©H«i«OTJerFfc:K 

its. 

[0 0 3 6] ' 
C«3] 

Qw 



t =: 



Qwo + Qwc 



■ (6) 



[00 37] i4it mnmm.3 o<z>m.m.mm$:—7£i$. 

(0. 5 A/cm') £Lti£%<D7kmfflfflttt£Mm 

mm 3 o iz a it % &£.nE. t © w^©— #i £ ^ -r <y 5 y 

f6S. Elcf, No. l~No. 5it, 1 ©jlSSN 



o. -C&So fi[3*>; 140^779:, *l©HiftT*f#e> 

&ji^«rhfc'#TS*©ifciMB*-4*©'T?*3. mi 

C£(t£)^lifcfcfcs ttMH§l3 2i:UTJ¥^3 0//m©. 
4*.>iz8imzm^\ TJ-YZ 3fc*V-K3 4i:tc 
^etl-etlO. 3mg/cm', 0. 5 m g/ c m' 

£K5E U ±T% g-M^gB £ o O "t SiS &«6ffll*l T*t§ 
f£U 3 O.^MLfei:^^— 3 h£<fcoT 
frfe^fe. 0S*tts »o. lTfcfc, «ii&5 4 
20 c c/min, ISSS8.0*C, ^E1 kg/cm' 
•£B5£U ^SlSfitfiS: 15 0c c/minA>M 20c 
c/mi n*T?lS*«I^Lfco 04 7 tC^-r«t -5 
fcv iSNo. lttt, **»J»Jtt*«0. 4-1.2 

o. 2~5 ^OV^TfelHI^T-feSo 
[0 0 3 8] 

can ■ 









1 


( 1 50-*420cc/min) 


7K*^ft54cc/min aHEt&SBOt; ^"^JGEl kg/cm* 


2 


&fc* (64-*300cc/min) 




3- 


(400->1 150cc/min) 




4 




*#SDft54cc/min 2J&a8*420cc/ruin V— S^JElkg/cnt 2 


5 


aSfaSCS (1 80~*340cc/min) 


■ **«*54cc/min jg*Eia£80 , C ^-i^J3E0.5kg/cm 2 



[0 0 3 9] Sl4©^77{C^-r«t ; 5"(C> $$4«ff&3 0 

7k«W»Jfc t # 0 . 6ttT©W?lt fefttctt 40 

wmm.3 o©ttte* s fST-r?.o ctut **sijwjfct© 

Sl*?>#^5t m#?KM3 2©^{c@H-T2.i:-© 
-7j> 3 OOtetfcBu *«#J»ifct# 

1. 4$^x5hfST-T?>. iftHu «§?KJK3 2©jfi 

4-7jcfi$OTitt #0 . 7~1. 4©IEfflF*li:&£ cfcdil 

^ . mnmm 3 o **«#j»it t i t * « <t -5 ate 



?->iz&ir)-2>x ; ryy'S lio, s l i 2 TvkfifiiOTtb 

[0 0 4 0] O*, TJ— KfflOi:* V— KWfe^fcPl' 
t*#Tf«<El- S4)©fc(S*-rft«x !P*>Qa = Qc, 
Pa = Pc, Ta = TchfS^-r*x«, Pwa = Pwc 

(6) £5C (3) £5$ (5) SfSA-f 4 

(7) T-mt>£tiZ> 0 
[0 0 4 1 ] 
[&4] 



50 
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l /ZF x (Pa*Pwo> 

♦ s • • • • (7 ) 

1 2PwoQa 

[0 0 4 2] iCHffifr&ftWffAPa. MWna&WE 
Pwa, »*^8K«QaS:H«-rii«N *«H»Jfcttt 
** I C lfc«-r i , H 5 CHS** * **Wffl]t t 4: 

s%i t©M»* s we.n2>o tfcs mat i, maxE.t> 
pa, ttBuaiEPwaftiBS-rntf; *«#j»itttt 

Q a t StfcWr 4 *» 6, El 6 C«»t 4 *S 

6, H7C«g%-r«*»M»ttt h^XET^P at© 
QaftB3E-r*xKs zkfiSWtfc t (ifiSSIaRSUE P w a C 
©n»Tf » * * & s ■ 7KAPm& t T a © 3 

isi, ffijjxmiiP a., i^HQa, }##xms 20 

TaOV^r^SIHfiP'^SCiiEJ: t)*fi®J®Jtt 

stare tdts-*-*. 

[0 0 4 3] ufc#o.T\ 03©ate§ij»;i'— ^>©* 

r.y7S 1 1 2C*JJt*«S««ffll3 O'cDXtsMfltt* « 30 
XI, »«E*Pa. Pc, ^Wxm*Qa, Qc, 
i^lSTa, Tc©-ofeS^(i-oti±SISS5^ 

«8it5#C^^li, ^STtfc3 0 <Z>jHEtt«W»ftaf 

5 4©igiW®E«£r3T5e#fttee<*.V">. 

4 fc: Sttn *" 5 «8K I & fc < v > i: £ E fcJu SSt 

IJW^©S*t:J:?)»l*t-nttJ:v^. **Mtafc3 0©$& 

t&fl#fc#W-SfW«tt?B\ 0 9 tfi^-T 

ifiKTa, Tc©±»fc#oT*«#]»JfctiM*l 

££5E«atI£sl3ffi5-r*xl£=t^. a 9 J; -5 40 

fc, co»|fPCJ;D«IM*«»3 0tt^A-^K:46»bt 

[0 0 4 4] S-S*CDH«l5ttJWT©J:5CfT'&5 
satI©iSS5tt««ti|gi5®i?&5 2tcfc») 

*t&-5 ^ ft^E*Pa. PoOWttW 
RfflW'ifr? 2 8,2 9 ©HBS©S@S5E «t t) frfc 5 - i: 
* s T-£3„ »WilQa, Qc©««tt»*iH 

j®7^:/2 6, 2 7®BBS©SJfB5t«t t)fr&-5 - i:* 5 "? 

iWSSTa, Tc<OHfl5tta9l5l?>7'4 4KJ; 
5^id^f*©«ifi©5ifi5E«t:tifT^a-i:* s T-#2.o L 50 
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ttfot, $S*4Srt!j3 0©«teR!BK»fiffi5 4©S&iljtt 
!BJC(StT«8EW«ls]B&5 2^atS*JPf7N-;u^2 6, 2 
7, 2 2 9, IS#>/4 4^S 

[0045] y.'±»M8 LtznMmwmnnm^xT a 2 

*£*#**irafi*-3 3 0 

o. 7~i. 4©*5HC3-e* | Jffliu af^ixttzkSfW. 

itt *Mt 1 fc^5J:^BtPt5Ctt:J:^ ^*4Srte3 

[0046] iisfi^jo^Sfte^^^A 2 o m 3 

IDl^EPwa, Pwc£a+*U ^^©t&fflTksS 
giQwa, Qwc£8fHU sEEdftfcfc/S^TzKa 
Ufflitt *nm? Z>*><Dh\^tztK K*,C7KS%iJ»tbt 
£ §+#-r -5 *> © i: bT ■& £ </> = 

[0047] nmmvmunm.i'X/T- a 2 0 -t-fciu Tks 

#0. 7~1. 4©igHl*){C5&i>«fcd^*4Stfe3 o&a 
iE$iJffli-rst)©4: ttfe J;i^„ 

[0 0 4 8] ifcfc^ *»ra©JB2«DSafi«ii:U-C©«S«- 
Sftfe~>^^A2 QBK-?^Xm.Wt2>* 01Ofc ^2 
HS£^J©^*4Srt&~>^^A 2 0 B©«fiE©MBS£^^"«l 
fiJJia"T?*4. i 2 »J©«Mi->^r A 2 0 Bil 

B7jvrs«fc-5.fc:, t-/— K«**« t *v-l»«©»*^ 
Si0«l(i-Sl0«tfl7. 7, 8 *nf**nfe# 
^^.©rSJKTha, T h c ^t^ffi-r Si&SIt 7 8 , 8 8 
i)D5»$tlfc^^©ffl*rfflSpha, ph 

c^^tB-rssan-? 9, 8-9s«r*.*jatfti»vvr*i 

3UE^J©«SiN-Sftt'>^7 1 A 2 0 ills] — ©«t/3;£ bt 
5, UiH^©m«$:«<7c«)(C, ffi 2 HSE0iJ©^*4Sftfe«> 
^5^A2 OB©«fiK©o^^l*«l0!l©^*4*fife^^^ 
A2 0i:PI-fflMt^^tlt IrJ— ©^Srftb^ * 
OR?Si««t«. SC5 2^SE^J©^iN-®?te->X7 : - 

A 2 0B#«R*.4i0flft87 7 , 8 7 tt, . ##^IBBCK 

[0049] c:^ Lxmm^ntcm2mmm(omnmm 

>>^7^A2 0BT-tts l^j»az-^6 0Ci!)Hl 

i C0d*-r*ai«5«»-'i/— ^tfUffSJis. -©7b- 

^>* s ^^T$^^?>i:^ a^$iJffllJ.^.-y h 6 0©CPU6 
2tt, ^-fs «St*S+7 2, 8 2*&©*^aElQa, 
Qc^ffi^l+7 4, 8 4A>e.fflMXE*Pa, Pc, 
MKIt 7 6, 8 6 *e.0j#^fiIT a , T c , SJgft 
7 8, 8 8A^©*D^©S^7.©JSTha, The, 
SJSIt7 9, 8 '9A»c><0ia«i»O»^©ffl*rSKph 
a, /ohc, SMI+5 6 *=>e>©m«tl &«WW&trffl«* 
(Xt'77S 2 0 0) . IS^jiA,7ciG 
^^©^^©ta^fSJK/O h a, c Sr^^fXrSST 
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a, Tc£*>W-Sffl»»Epa, ,0 c C£ftf4«yiSe 
fT&? (Z-rv 7S 2 0 2) „ tum&7 1, 8 

iHU dti^^tt^MJKTa, TctibMtSfBttffiJg 
,oa, pctSEfttJOtt, 'ftJtf^*©*** 1 ^*!** 

STa, 'TeK*ttSffl*rSflE/?aV pclil 00%£ 
jB*.Sfi&i:&3*8-S-*>*5o 10 

a, pe*7k*#JWJtt'K:S»-rs U 
T'V7S 2 0 4) „ 7V-HMfe*V— MHS^El 

»Jt t H>©«a«*lR*l«K»"*- 5 £JE8*« Q w 

*©**^fc#*b^£ fc**** -5 fcx zkk&jffliJt 
Ui*a*tfiJgfc:«£b<fcS. Ut^T, ^fs»rS2 

Mii/oa, p c^mmttx-^mvxmxti^ 

IP*, ftSC (8) fc«fc»)M-#-r*i«J:v>. 
[0 0 5 1] 
[« 5 ] ' ■ 

PoQa+PcQc , 0% 30 

t = 

Oa + Qc 



(8) 



[0 0 5 2] 'TkMOTPft t feftKt-r 3 *S^JffliJ± t 
MA t Asfl-T&r^$n5#|qI{c*SS*4mfl63 0 £jlte#jfflb 

a t *«#i*iB*n5*iqiic*R»itfift3*o &s£§ij0-*-3 

3M££o^Tfc£i«jS<b;feo 
[0 0 5 3] W±ttfl8 b'fcSS 2 llS£0O©*i*4milb^*^ 

a 2 o Btc mMMm3 o<Dm#x<DmttwL&.iz 40 
<^*4«?fe3 0 ^s.»^mx-m^mm-r^ziiifix-i 

•5. BP*, ffl»^****y»lfctfcbT0. 7~1. 
4©«HrtT?SiJ»U »S L < tt*«fW»Jt t tftt 1 
(*l*ffiK#l 0 0%) fc&S«fc5»JWr*.cii:K:«t 

[0054] mm^tzx^iz, 7km^iJ7. j pmm^ 
its &m7k&Qw£m#x^<D7i<.mM&Qgi£^^<te 50 
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U •^©^/htC.fc.Si'^AWgS&W^-tTSC.fcfc-Tr 
# 5c 012 t» 1 Hffif?'J©^*4«flli->^^ A 2 0^ 
2St0HE«©tti**«i6S'*7 1 A 2 0 B©«?»J»i= v h 

to 

[oo55]c: cDmnm^mm^-f- > * s Hff ft ■& 

«?»J»^.- v N 6 0©CPU6 2tt, 
7ilQa, Qc ,J »WE*Pa, Pc, }##7;fig 
Ta, Tc, M«OM71STha, The, *Q(& 
Mi^ilpha, ph.c, tllfei^M (^t 1 

*rs 3 0 0) , £*g*SQw£it#l-Sfc&fc: Ur 

■ »7S3 0 2) , zkJRSUIQsSWJf-J-S (7f'7rS 
3 0 4) „ fit, ^TkfiQwtTk^fiQgtflM 
AQ&ItJ¥b (Xt^S 3 0 6) , IglAQO^I 
^IMQreffcltRti Ur»?'S3 0'8) „ 
T-s g§fitQr ef tt^fiK7jcSQwfc7jc^MaQgi:©<I 

[0 0 5 6] <B£A QOtttttttfHttQ refi^J 
v^'&ttt, mifik.m%.\sX4>.i?>r-* 9 OfeAXTl 
(^f '7 7S3 10) , fiMAQ©«fe^fS* s eifflQr e 
fttTCkSCIi, *ff&bfc*iWbT#;i/— 

< X <B2 A Q ©*e*f{6 AWB Qre-ft9*8'<4ot 
i: Em&£7>£7j<iift#£bT^fctK Ifg§« 

*MigSbT^.i>:t§1§r* s ^<, Sfea*«Qw#2K*l 
A1Q S «fc t> < T«2S A Q©i|g*ttttf M1BQ ref 
«fc D * S < «e o fc i: § C , ItSjR^ttiR b T <, > « *§£r 

0£;&*TbTjgfe#£g^£*Qe>H*£©T-&5o C©<t 
a {cHJffi^JOSmiN^ffia^-?- >T-J±, £jE&,7jcfi Q w 

[0 0 5 7] 3ttK«©«»flj£jra*-'7-V-etts 
*iQwt Tk^^fi Q g ©<IM A Q ©*feMf« Htt Q r 
e f fcJt«bfeA*> (lHAQSIE©ffl[©BSfltti:a©f«© 
Htti:J£«-rs*>©i:bT*>«fc^. C©»^ ]E©ftt© 
Wt ©^ # $i:ft©{S©r«§fS©^:§^{±|5]bT-5fe<Tt. 

[0058] ^mmcommmmiz^^xmmm 
zm^xmwistztK *mm±z\ o LTz^mmiznmm 



ft k. 43v ^ x , * s mmx- mm bf# i. ^ t itmmx & 
mi] *ftm<D-nmmx-&&MHmmi>'X7 u & 2 
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.o ©«tjsK©*8D>& £ fa -tmf&m x- $> £> o 

[El 2 ] «S*4Sife 3 0 &mi&-fZ>&W.m3 1 <DM$L<D 

[03 ] Safi0!l©«R»«flh'>^7 i A 2 0<Oi?«l|ii 
• = >y h 6 0 C «fc 5 *ff £*l3$!*4Srt!j 3 0 CDSKMflA' 

[El 4] $**Srfe3 0<DMM ! &g.&— (0. 5 A 
/cm') fcLfcfc*©zlc*»iJWJi;t fc«S»«»3 0C 

[E15] J#;ff*jE?jPa, fi&SJf&flfiEPwa, 
SEA Q a £ U t. S ©zK«»J» it t «X I i: © H 

[EI6] fltStl , ft^EAPa, ttftHKME P*w a ' 

#!l£^-r ^ 7T-S5. 
[EI7] SMI , ISIP^MEEPwa, MXSSIQa 

[El 8] iWEAPa, itf^SIQaS 

Vm 9 ] 7Xfi$iJ»tfc t 1 fcffi* UfcttMrt?«MsMt 

-wiftw-riiiBaHT?**. 

[Ell] 
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[bio] ■wt2nmm<b%m&mi'Z ; rA2 ob©« 

[Bill] »2*Jfi«90«S»«ffll'>^^^ 2 0B®t 

[Ell 2] m^0fl©*tt«**>*^A2.O-**2 
^M^JO^*4«fife->^^A 2 0 BCD«^JP^--^ h 6 

o tc «t 5ii(fsn5*iit«i««!«^— ^>o-«**t- 

10 [^©SiBJ] 

2 0, 2 0B iMSii'^TA, 2 2 -zk&tfc&iiU 
2 4 2 6,2 7 2 6 

a, 2 7a 77fax-^\ 2 8, 2 9 jJXE.fflW 
2 8a, 2 9a 7**-a:c— 3 0 WM 

mm, 31 32 mmnm. 

>, 3 4 #V-h\ 3 5 Hr^lx-*, 3 6, 3 7 

«Kg§, 4 0 #£P35?gs 4 2 mmm&, 4 4 ara* 

>7\ 4 6 5 2 SflEHflSiaE&v 5 4 ft 

5 6 gfltat, 6 0 a^ifiacyh, 6 2 C 
20 PUs 6 4 ROM, 6 6 RAM, 7 2, 8 2 MM. 
St, 7 4, 8 4 ETjat, 7 6,8 6 i&Kft, 7 7 , 
8 7 7 8, 8 8 i&Kfh 7 9,8 9 ffijg 

It, 9 0 -f l/VT— 



[El 2] 




r — immr^" , "\ 



-24 



X 20 



5.S 



31 




H I ROM h ^ui 

I RAM h « L.60 
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[03] 

1 

»^iMTa, Tc. 




SI00 



rfifc*»WtPwa, Pwc L 

<onm 

Qwa, QwcftH I 



5102 



5104 



5106 



i 

A t = t — 1 



5108 



■J^-* 51 



10 



j-^, $112 



[14] 



0.70 




[i5] ( . me] 




mti o' 



[i7] 




2FQg 
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[HI 0] 



imi 1] 



E2 3333 



-24 



20B 



42^ 



40- 




I j M I * , 

j | j L » TcTu 




1x^2 — * 4>3Mr-* 

3 1 «<> M K «4 



1 RAM h -66 ^60 



— 



M^SUQa, Qc. 

^ISTa, Tc, 
2WBMWBatTha. The, 
AtiftfftffittaRpha. phc. 



i 



At-t-1 




RET 




szot 



SZ04 



*206 



SZQS 



S200 
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ftfflZO 0 1 - 2 5 6 9 8 8 



[012] 



IQa. Qc. 



»^iStfTa, Tc. 
US&ftadETha. The, 




L 




5302 



SSQ4 



5308 



5308 



S310 



CED 



$300 



F*-A(#*) 5H026 AA06 CC03 

5H027 AA06 BA01 BA13 CC06 KKOO 
KK03 KK06 KK23 KK26 KK44 
KK56 



